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PIPE GASKET WITH SELECTIVE ECONOMY
OF SCALLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from earlier filed

provisional application Ser. No. 60/607,617, filed Sep. 7,
2004, entitled “Pipe Gasket With Selective Economy of
Scale,” by Bradiord G. Corbett, Ir.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates generally to sealing gaskets
and sealing systems used for pipe joints in plastic pipelines 1in
which a male spigot pipe section 1s installed within a mating,
female socket pipe section to form a pipe joint, and to efforts
to economize sealing systems for water, sewer agricultural
and other fluid pipe sealing systems employing such pipe
joints while maintaining acceptable pressure ratings.

2. Description of the Prior Art

Fluid sealing systems for plastic, fluid conveying pipes are
used 1n a variety of industries. The pipes used 1n such systems
are typically formed from thermoplastic materials including
polyolefins and polyvinyl chloride (PVC). In forming a joint
between sections of pipe, the spigot or male pipe end 1s
inserted within the female or socket pipe end. An annular,
clastomeric ring or gasket 1s typically seated within a groove
formed 1n the socket end of the thermoplastic pipe. As the
sp1got 1s 1nserted within the socket, the gasket provides the
major seal capacity for the joint. Various types of sealing
technologies have been employed to assure the sealing integ-
rity of the pipe joint. It 1s important that the sealing gasket not
be dislodged during the joint make up and that the gasket not
become twisted or otherwise compromised 1n field applica-
tions.

One attempt to insure the integrity of the pipe joint
involved the use of a pipe gasket having one region formed of
an elastically yieldable sealing materal, such as rubber, and a
second distinct region formed of a more rigid material, such
as a rigid plastic. Other approaches to the problem included
the use of a homogeneous rubber ring with a stiffening band
which was manually mserted into a mating groove provided
on the mternal diameter of the rubber ring. Each of these
solutions was less than 1deal, in some cases failing to provide
the needed joint integrity and often contributing to the com-
plexity and expense of the manufacturing operation.

In the early 1970’s, a new technology was developed by
Rieber & Son of Bergen, Norway, referred to 1n the industry
as the “Rieber Joint.” The Rieber system provided an integral
sealing mechanism within the belled or female pipe end for
sealing with the spigot end of a mating pipe formed from
thermoplastic material. In the Rieber process, the elastomeric
gasket was 1nserted within an iternal groove 1n the socket
end of the female pipe as the female or belled end was simul-
taneously being formed. The gasket was first positioned on
the exterior of a cylindrical forming mandrel. The heated pipe
end was forced over the forming mandrel and gasket. The
female pipe end was then cooled and the forming mandrel
was retracted, leaving the elastomeric gasket seated 1n an
internal groove formed within the completed bell pipe end.
The provision of a prestressed and anchored elastomeric gas-
ket during the belling process at the pipe factory provided an
improved socket end for a pipe joint with a sealing gasket
which would not twist or flip or otherwise allow impurities to
enter the sealing zones of the joint, thus increasing the reli-
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ability of the joint and decreasing the risk of leaks or possible
tailure due to abrasion. The Rieber process 1s described in the
following 1ssued United States patents, among others: U.S.
Pat. Nos. 4,120,521, 4,061,459, 4,030,872;3,965,715;3,929,
058; 3,887,992; 3,884,612; and 3,776,682.

Despite the advances offered by the Rieber process, difli-
culties were sometimes encountered 1n the belling operation,
particularly with thin wall pipe. In some cases, the belling
torces could rupture the thin wall pipe as the heated pipe end
was forced over the belling mandrel and a traditionally sized
clastomeric gasket seated on the mandrel.

There thus exists a need to provide a sealing gasket of
reduced physical proportions for use 1n some belling opera-
tions, particularly those employing thin wall plastic pipe.

There also continues to exist the need to economize the
sealing gasket and pipe joint manufacturing processes in
order to produce gaskets 1n large quantities for use i coun-
tries worldwide at the lowest possible cost while maintaining,
an acceptable level of quality.

A need exists for a sealing gasket design which can be used
in a Rieber type belling operation, which design provides
optimum sealing capacity with the minimum amount of rub-
ber being employed 1n order to provide a sealing gasket with
a selective economy of scale.

SUMMARY OF THE INVENTION

One object of the present invention 1s to provide a sealing
gasket for use 1n a Rieber type manufacturing operation
which gasket has a lower overall profile on the mandrel and
which utilizes less mass of rubber 1n the sealing gasket body.
As a result, the improved gasket will not be as likely to
damage thin wall pipe during the belling operation. Also,
since the gasket utilizes less rubber, 1t will be more economi-
cal to produce 1n large quantities.

Another object of the mvention 1s to provide a sealing
gasket for use in such sealing systems as have been described
which achieves acceptable sealing to meet the applicable
industry sealing standards, while minimizing the amount of
rubber utilized 1n the gasket body.

Another object of the mvention 1s to provide a sealing
system of the above type 1n which a sealing gasket 1s pre-
located within a groove provided within a female socket end
of a thermoplastic pipe during simultaneous belling opera-
tions in which the gasket 1s designed to maintain proper
sealing conditions with respect to a mating male spigot end 1n
use.

These and other objects of the mvention are achieved by
means of a pipe sealing gasket which 1s designed for receipt
within a groove provided within a socket end of a thermo-
plastic pipe. The gasket includes a ring shaped elastomeric
body having a substantially homogeneous composition. The
gasket may employ an internal or external reinforcing ring
which circumscribes the ring shaped body. One preferred
gasket, when viewed 1n cross section, includes a leading nose
region and a generally planar lower compression region. The
leading nose region 1s joined to the lower compression region
by a leading sloped surface region which forms an alignment
ramp to guide a mating spigot end during insertion and which
defines an angle o with respect to a horizontal axis drawn
parallel to a central axis of the pipe. The lower compression
region 1s separated from a secondary seal surface by a lip
portion which terminates in a trailing surface which defines a
second angle B with respect to the horizontal axis drawn
parallel to the central axis of the pipe.

The gasket 1s used 1n a sealing system for joiming plastic
pipe to form a pipeline. The sealing system includes a first




US 7,513,536 B2

3

plastic pipe having a male spigot pipe end and a second plastic
pipe having a mating female belled pipe end. The belled pipe
end has an internal groove adjacent a mouth region thereof
which 1s simultaneously formed under temperature and pres-
sure as the mouth region 1s forced over a forming mandrel and
about a sealing gasket located on the forming mandrel so that
the sealing gasket 1s prelocated within the internal groove.
The prelocated sealing gasket has a circumierential gasket
body which 1s located at least partly within the internal groove
once the belled pipe end 1s cooled and the forming mandrel 1s
removed. The sealing gasket has a characteristic sealing capa-
bility to seal volume ratio, €2, for seals 1 axis-symmetric
installations which 1s defined by the formula:

Pc

O o
S—E ?

The sealing gaskets of the imvention have a sealing capa-
bility to seal volume ratio which 1s numerically related to the
same sealing capability to seal volume ratio of prior art gasket
designs by a multiplying factor of 2:1 or more. Most prefer-
ably, the multiplying factor 1s on the order of about 4:1.

Additional objects, features and advantages will be appar-
ent 1n the written description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial perspective view, partly broken away,
showing the pipe joint of the invention 1n which a male spigot
pipe end 1s inserted within a female socket end, the female
socket end having a pre-formed groove which receives the
sealing gasket of the invention;

FIG. 2 A 1s a cross-sectional view of a sealing gasket which
would have the typical dimensions required for use 1n the pipe
joint of FIG. 1 1f sized according to traditional industry prac-
tice.

FIG. 2B 1s a cross-sectional view of a gasket of the inven-
tion showing the relative mass thereof as compared to the
gasket of FIG. 2A having a similar overall geometry;

FIGS. 3-6 are simplified, schematic illustrations of the

prior art Rieber process for integrally installing a sealing
gasket within a simultaneously formed groove within the
temale socket end of a thermoplastic pipe;

FIG. 7 1s a side, cross-sectional view of a sealing gasket of
the mvention shown 1n 1solated and enlarged fashion for ease
of 1llustration of the geometry thereof;

FIG. 8 1s a view of the gasket of FIG. 7 shown 1n the
compressed position as the male spigot pipe end 1s inserted
within the female socket end to form a joint of pipe;

FIGS. 9-12 are side, cross-sectional views of sealing gas-
kets of the inventioninthe 1.5, 2, 2.5 and 3 inch diameter sizes
showing the relative dimensions and mass of rubber
employed 1n each case; and

FI1G. 13 15 a simplified illustration of the basic dimensional
relationships of the sealing gaskets of the invention used to
derive the formula for sealing capability to seal volume ratio.

DETAILED DESCRIPTION OF THE INVENTION

A first aspect of the present invention concerns the fact that
the preferred sealing gaskets 1n question are “pre-located”
within an internal groove provided in the female “belled” pipe
end during the manufacture of the pipe 1 a “Rieber” style
manufacturing process. The prior art Rieber process can best
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be understood with reference to the simplified 1llustrations
provided as FIGS. 3-6 of the drawings.

FIG. 3 shows an elastomeric sealing gasket 11 having a
steel reinforcing ring 13 1n place on the generally cylindrical
outer working surface 15 of a cylindrically-shaped forming
mandrel 17 used in the belling process. Note that in the prior
art process, the gasket 11 sits within a slight external groove
12 formed on the exterior of the forming mandrel 17. The
clastomeric gasket 11 can be formed of, for example, rubber
and 1s a ring shaped, circumierential member having a lower
compression region 19 and an exposed nose portion 21
which, as shown 1n FIG. 3, abuts a back-up collar 23 located
on the exterior of the forming mandrel 17. The back-up collar
23 has a first generally cylindrical extent 25 which 1s joined to
a second cylindrical extent 27 by a step region 29, whereby
the second extent 27 1s of greater external diameter than the
first cylindrical extent 25, as shown in FI1G. 3. Thus, in the first
step 1n the manufacturing process, the sealing gasket 11 1s
placed onto the working surface of the mandrel 17 and pushed
to a position against the back-up collar 23. In this position, the
gasket 1s firmly anchored to the mandrel surface.

In the second step of the process, the socket end 33 of the
thermoplastic pipe 31 1s heated and pushed over the steel
mandrel 17, gasket 11 and back-up collar 23 (FIG. 4). The hot
socket end 1s expanded due to the thermoplastic nature of the
pipe. A number of thermoplastic materials, such as polyeth-
ylene, polypropylene and polyvinylchlonide (PVC) are
known 1n the prior art having the required expansion charac-
teristics, depending upon the end application of the pipe joint.
The preterred material 1s PVC. The socket end 33 flows over
the first cylindrical extent 25 of the back-up collar 23 and
abuts the step region 29 in the second step of the process.

In the next step of the Rieber manufacturing process 1llus-
trated 1n FIG. S, the mandrel and pipe begin to move away
trom the back-up collar 23, allowing the pipe socket end 33 to
retract around the mandrel and gasket 11 due to the elastic
forces of the thermoplastic material. Typically, vacuum was
also supplied through ports 35, 37 which connect the mandrel
working surface with a vacuum source (not shown).

In the last step of the process (FIG. 6), the pipe socket end
33 1s cooled, as by means of a water spray bar 39 and spray
nozzles 41. As the cooling takes place, the pipe socket end 33
shrinks around the gasket 11, thus compressing the rubber
body of the gasket between the steel reinforcing ring 13 and
the socket-groove to establish a firm seal. Because the sealing
of the gasket against the socket took place under controlled
conditions 1n the factory, there was no possibility that sand or
similar contaminates would penetrate the crucial sealing zone
of the gasket during storage, transportation or installation.
Also, the gasket 1s securely pre-located within the mating
pipe groove, thereby insuring greater sealing integrity during,
the ultimate make up of the pipe joint.

The above described Rieber process has been 1n commer-
cial use since the early 1970°s and 1s described in the above
referenced 1ssued United States patents discussed in the
Background of the Invention, among other sources. It will
thus be well familiar to those skilled 1n the plastic pipe sealing
arts. The process for manufacturing a belled pipe end utilizing
the sealing gaskets of the invention i1s identical to that
described above, with the exception that the lower profile and
decreased volume or mass of the gaskets of the invention may
climinate any need for an external retaining or positioning
groove (12 1 FIG. 3) on the exterior of the forming mandrel
17.

Turming now to FI1G. 1, a typical pipe joint of the type under
consideration 1s shown 1n exploded fashion. The belled socket
end 33 shows a sealing gasket of the invention, designated
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generally as 43, which has been installed within the internal
groove 45, as described above with respect to the Rieber
manufacturing process. The gasket 43 forms a seal with
respect to the male, spigot pipe section 49 upon insertion of
the male, spigot pipe section within the mouth opening of the
mating female pipe section. The male, spigot pipe section 49
may be provided with a chamiered or beveled lip 50, although
the improved gasket of the imvention has been found to
accommodate a non-chamiered spigot end, as well.

The improved features of the sealing gaskets of the mnven-
tion can best be appreciated with respect to FIGS. 2A and 2B
and with respect to FIGS. 7-12. First with reference to FIGS.
7 and 8, the preferred composition and geometry of the seal-
ing gaskets of the invention will be described. The gasket 73
1s formed of a generally homogeneous composition, such as
from a suitable rubber, rather than including an elastomeric
region joined to a rigid plastic region. A natural or synthetic
rubber elastomer having a hardness on the order of 50 Durom-
cter has been found to provide an acceptable degree of
deformability of the seal. The particular gasket 73 shown 1n
FIG. 7 includes a leading nose region 75 which 1s joined to a
generally planar lower compression region 77 by a leading
sloped surface region 79. The sloped region 79 forms an
alignment ramp to guide a mating spigot end during insertion
and also defines an angle o, withrespect to the horizontal axis
81 drawn parallel to a central axis 61 (FIG. 1) of the pipe. In
the example shown, the angle ., 1s on the order of about 60°
or less, preferably about 45°.

The lower compression region 77 1s joined to a secondary
seal surface 83 by a lip portion 82 which terminates in a
trailing surface 85. The trailing surface 85 defines a second
angle [, with respectto a vertical axis 84 drawn perpendicular
to the horizontal axis 81. The obtuse angle {3, 1s on the order
to 160° 1n the example shown, although the angle might
approach 180° in some cases. The lower compression region
77 1s selectively sized to prevent the vertical lip portion 82
from bending backward during bell formation or under high
pressure loading. In the preferred example 1llustrated 1n FIG.
7, the ratio of the overall length “I” as compared to the length
“l,” 1s preferably about 11.8. for the gasket shown. The trail-
ing surface 85 1s separated from the secondary seal surface 83
by an mtermediate circumierential groove region 87. The
groove region 87 includes an outer wall 88 which forms an
obtuse angle with respect to the remainder of the groove
region.

The secondary seal surface 83 1s a planar circumierential
region which terminates 1 an inside corner 89 of the gasket
73. The 1nside corner 1s connected to an outer arcuate region
91 of the gasket 73 by a uniformly sloping exterior gasket
surface 93. The outer arcuate region 91 1s connected to the
nose region 75 of the gasket by a concave curved region 95.
The gasket 93 will also typically be provided with a reinforc-
ing element such as the metal ring 97. The cavity 110 (FI1G. 7)
formed between the concave curved region 95 and the bell
groove 112 allows for rubber deformation caused by 1nsertion
ol the pipe spigot end.

The angle 3, defined by the trailing surface 85 1s preferably
suificient to provide a “lip” condition to the seal to allow the
lip region 82 to deform inwardly to the extent shown 1n FIG.
8 while still providing a compression seal. Note that 1n the
compressed state (FIG. 8), the lip region 82 leaves a slight gap
92 adjacent the surface 83 to assist 1n creating a self-locking
elfect at high pressure loading within the joint.

Now returning to FIGS. 2A and 2B, 1t will be noted that the
gasket of the mvention 67 can be provided with selective
economy of scale as compared to a gasket having the same
overall geometry (65 1n FIG. 2A) but with a greater mass or
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6

volume of rubber. This means that a sealing gasket 67 can be
provided which provides acceptable sealing capacity, for
example to meet or exceed ASTM and other industry stan-
dards for sewer, agricultural and 1n some cases pressure pipe
sealing applications, with less mass of overall rubber. Thus, 1n
comparing FIGS. 2A and 2B, 1t will be noted that the gasket
67 1n FI1G. 2B has considerably less mass of rubber than the
gasket 65 of FIG. 2A. The gasket 67 also presents a lower
profile on both the forming mandrel during manufacture and
as located within an internal groove 1n the belled pipe end.
The lower mass and lower seal profile can offer advantages
during manufacture in that less frictional resistance 1s present
as the heated socket pipe end 1s being forced over the forming
mandrel and over the sealing gasket. The lower profile and
decreased mass of the sealing gasket also offers advantages in
some pipe joint assembly operations 1n terms of the resistance
caused with respect to the male, spigot pipe during assembly
and with respect to the forces caused by the male pipe end
upon the pre-located gasket which might tend to twist or
displace the gasket.

The gasket 67 1s thus especially well adapted for use 1n a
pipe sealing system of the type previously described in which
the gasket 1s “prelocated” within the female pipe groove of a
mating female belled pipe end which 1s preformed under
temperature and pressure as the mouth region 1s forced over a
forming mandrel and about a sealing gasket located on the
forming mandrel. FIGS. 2A and 2B of the drawings 1llustrate
the previously described lower profile of the sealing gaskets
of the invention. As shown 1n FIGS. 2A and 2B, the distance
“d,” 1s considerably less than the distance “d,.” As another
way ol explaining the “lower profile” aspect of the gaskets of
the invention, the preferred sealing gaskets have a seal height
(“h,” in FIGS. 9-12) which 1s greater than about 4 mm and
less than about 7 mm for gaskets 1n the s1ze ranges from 1 inch
to 3 1nches.

The sealing gaskets of the invention have a characteristic
sealing capability to seal volume ratio, €2, for seals 1n axis-
symmetric installations which 1s defined by the formula:

Pc

D
Q, = )

s\ V

The sealing gaskets of the invention have a sealing capa-
bility to seal volume ratio which 1s numerically related to the
same sealing capability to seal volume ratio of prior art gasket

designs by a multiplying factor of 2:1 or more. Most prefer-
ably, the multiplying factor 1s on the order of about 4:1. The

derivation of the ratio £2_ can be explained with reference to
FIG. 13 as follows:

Basic Parameters

V: volume of the seal

A: cross section area to be blocked by the seal
D,: Outside pipe diameter

D, : Inside bell diameter

c: Mean clearance between bell and spigot

D,: insi1de groove diameter (not used, provided as reference)
P: fluid pressure

T . Ultimate shear strength, equivalentto S /3

Su: Ultimate axial strength

w: Width of gasket

h: Height of gasket
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Intermediate Relationships
Dy - Dy
T2
2 2
A = 5(Dg + c)e = TP~ D0

4

Structural Seal Elliciency

Structural seal efficiency 1s defined by comparing the force
exerted by the fluid pressure to the maximum force that the
seal can resist under pure shear. This 1s done under the fol-
lowing assumptions:

The friction coetficient 1s negligible.

The seal 1s evaluated 1n the assembled condition.

The seal will not undergo nonlinear deformation as pres-

sure 1s applied.

The two surfaces being sealed are infinitely rigid and

strong.

The groove provided for the seal 1s sullicient to keep the

seal 1n position, regardless of the seal height h.

There are many different seal faillure modes. Only a pure
shear failure 1s considered as being the simplest case. How-
ever, other failure modes will be related to the basic param-
eters used 1n a similar fashion. The calculation 1s made for an
ideal square-shaped gasket of width “w” and height “h”.
Under 1deal conditions, the width would be just enough for
the seal to resist the tluid pressure under pure shear. The force
applied by the fluid to the region of the seal subjected to shear
1S:

xP(D{ - D)

Fr=rnP(Dy+c)e = 2

The maximum shear force that the seal can resist 1s:
Fr=awT.D,
The seal efficiency 1s defined as:

_Fy  PDT-Dp)
=T TAWT. D,

In order to make this relationship applicable to arbitrary
geometries, 1t 1s necessary to replace the seal width with an
expression dertved from the seal volume:

V=nhw(D,+h)

The following approximations are made 1n order to obtain
a workable relationship:

h=w

Then the width can be related to seal volume by:

V
W = ﬂ—
?I'DD

Which 1s simply the square root of the Volume divided by
a reference perimeter. The seal efficiency can now be rewrit-

ten as:
Fr P(D{-D§) |xDg
r =T TAT D, v
The previous expression for structural seal efficiency 1s

more complicated than necessary for seal performance com-
parison purposes. A simplified expression can be obtained by
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streamlining the parameter relationships and by dropping the
constants. Also, the ultimate axial stress, which 1s more com-

monly reported, 1s used 1nstead of the ultimate shear stress:

(Di-D§) (D1 —Dg)
2D, ’ p) B
S

Iy = =

3

C

This can be regarded as the most practical seal volume to
sealing capability ratio:

Q B P(Dl—DD) DD B Pc DD
28 Vv o Su\ VvV

If the fluid pressure or the ultimate axial stress are not
important, a purely geometric version of the formulation can
be used, as long as the seals compared are 1n the same range
of working pressure:

P(Dy— Doy | Do Do
(g = — =c. —
2 V V

A simple expression was then developed to evaluate and
compare the sealing capability with respect to a seal’s mate-
rial volume.

For evaluations in which the working pressure 1s important,
it 1s necessary to know the strength of the seal material, which
1s represented by the ultimate axial stress. In this case, the
following definition 1s used:

Pc DD

0, =
S\ V

Seals 1n the same range of working pressure can be com-
pared by means of a simpler ratio:

Using the above formulas, 1t 1s possible to achieve accept-
able sealing qualities and pressure ratings with much less
mass of rubber 1n sealing gasket designs. The result 1s a more
economical gasket design. Generally speaking, the volume of
rubber which 1s utilized 1n the gaskets of the invention 1s one
half or less that previously necessary to meet ASTM 3034
with a gasket which provides a sealing capacity in pounds per
square 1nch of at least 100 psi.

FIGS. 9-12 and Table I which follows show relative dimen-
s1ons for gaskets of the mvention having the improved mass
sealing factors for 1.5, 2, 2.5 and 3 inch sealing gaskets.
Turning to Table 1, each column under the heading “Gasket
Si1ze (Diameter)” corresponds to a respective drawing of the
gasket 1llustrated as FIGS. 9-12, respectively. For example,
the first gasket s1ze diameter column (1.5") corresponds to the
drawing illustrated as FIG. 9, having dimensions defined by
seal height “h”and average seal length “1”. FIGS. 10-12 uti-
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lize the same reference characters “h” and *“1” followed by
prime (1.e. h' and I'), double prime (1.e. h" and 1"), and triple
prime (1.e. h" and 1), respectively.

TABLE 1
Gasket Gasket Size (Diameter)
Dimension 1.5" 2" 2.5" 3"

i 9.6 10.6 11.5 13.4
I5 3.9 4.3 4.5 5.5
I3 4.4 4.8 5.3 5.7
Iy 3.0 3.3 3.6 4.2
i 0.10 0.10 1.5 1.5
h, 5.0 5.5 6.0 7.0
h, 1.2 1.3 1.4 1.7
h; 1.4 1.5 1.6 1.9

In addition to a seal height “h,”, the sealing gaskets of the
invention also have an average seal length *“1,”, as taken from
the above table. The average seal length to height ratio 1s on
the order o1 1.92 for gaskets which are manufactured accord-
ing to the principles of the invention.

Sealing gaskets of the type described utilize significantly

less rubber than was previously thought to be necessary to
meet ASTM 3034 and other industry standards. In fact, the

sealing capacity for a 3 inch pressure gasket made in accor-
dance with the teachings of the mvention and which was
pressure tested had a higher sealing capacity than the prior art
gasket having a greater mass of rubber. This effect 1s perhaps
due to the lower profile of the sealing gasket of the invention
within the mating female pipe groove which provides a
tighter overall fit for the sealing system.

Belling trials were conducted of 3 inch and 1% inch pipes.
The same belling machine was used for both trials. Three

different pipe classes were belled: SDR 26 (160 ps1); SDR 21
(200 ps1) and Sch 40 (260 ps1). The following results were

obtained:

TABLE II

1.5" GGasket of the Invention - Test Results

SDR 26 SDR 21 Sched 40

Test (160 psi) (200 ps1) (260 ps1) Comments

ASTM D 3139
Vacuum OK OK OK —
0.5x Rated OK OK OK —
Pressure
2.5x Rated Incomplete  Incomplete  Incomplete Pipe Ballooned
Pressure (between 3-8

min test time)

Quick Burst Not tested Not tested Not tested

ASTM F 1365
Infiltration OK OK OK
Test

TABLE III

3" Gaskets of the Invention - Test Results
SDR 26 SDR 21 Sched 40

Test (160 ps1) (200 ps1) (260 ps1) Comments

ASTM D 3139
Vacuum OK OK OK —
0O.5x Rated OK OK OK —
Pressure
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TABLE IlI-continued

3" Gaskets of the Invention - Test Results

SDR 26 SDR 21 Sched 40
Test (160 psi) (200 ps1) (260 ps1) Comments
2.5% Rated OK OK Fair (Gasket Extruded
Pressure for deflection test
Quick Burst OK OK Not tested

ASTM F 1365

Infiltration OK OK OK
Test

An 1nvention has been provided with several advantages.
The pipe sealing systems of the invention provide improve-
ments 1n mtegrally formed sealing gaskets of the type which
are factory installed within a groove provided within a socket
end of athermoplastic pipe 1n a Rieber style belling operation.
The appearance of the pipe bell 1s excellent due to the lower
mass of rubber in the sealing gasket. The gasket 15 well
positioned within the inside of the bell with no gaps or pock-
ets which can be noticed. The improved sealing gasket of the
invention employs dramatically less rubber than the prior art
gasket designs allowing for a more economical design. Also,
the lower profile of the gasket in the belled pipe internal
groove provides a tighter fit which can actually carry greater
pressure loads in some situations. Laboratory tests have
shown that the gasket design of the invention has an excellent
sealing performance, even under axial deflection in the pipe
bell. The sealing gasket of the imnvention also offers excellent
resistance to water infiltration.

While the mvention has been shown in only one of its
forms, 1t 1s not thus limited but 1s susceptible to various
changes and modifications without departing from the spirit
thereof.

What 1s claimed 1s:

1. A sealing system for joining plastic pipe to form a

pipeline, the sealing system comprising:

a first plastic pipe having a male spigot pipe end;

a second plastic pipe having a mating female belled pipe
end, the belled pipe end having an internal groove adja-
cent a mouth region thereof which 1s preformed under
temperature and pressure as the mouth region 1s forced
over a forming mandrel and about a sealing gasket

located on the forming mandrel so that the sealing gasket
1s pre-located within the internal groove;

the pre-located sealing gasket having a circumierential
gasket body which 1s located at least partly within the
internal groove, and wherein the sealing gasket has a
characteristic sealing capability to seal volume ratio, €2,
for seals 1n axis-symmetric istallations which 1s defined

by the formula:
B Pc DD
s E ?
where:

V: volume of the seal

D,: Outside pipe diameter

¢: Mean clearance between bell and spigot
P: flmd pressure

Su: Ultimate axial strength
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wherein the sealing gasket has an average seal length and
an average seal height, and wherein the average seal
length to height ratio 1s no greater than 1.927.

2. The sealing system of claim 1, wherein the male spigot
pipe end 1s inserted within the female belled pipe end to form
a water tight connection 1n a municipal water line.

3. The sealing system of claim 1, wherein the sealing
gasket has a sealing capacity in pounds per square inch of at
least 100 psi.

4. The sealing system of claim 1, wherein the sealing
gasket has a seal height which 1s greater than 4 mm and less
than 7 mm for gaskets having a diameter in the range from 3
inches to 6 inches.

5. An improved belled pipe end manufactured with a pre-
located 1nternal sealing gasket which 1s 1nstalled within the
belled pipe end, the belled pipe end comprising:

a plastic pipe having a female belled pipe end, the belled
pipe end having an internal groove adjacent a mouth
region thereof;

an elastomeric sealing gasket pre-located within the inter-
nal groove as the internal groove 1s formed under tem-
perature and pressure as the mouth region 1s forced over
a forming mandrel and about the sealing gasket located
on the forming mandrel so that the sealing gasket is
pre-located within the internal groove, the pre-located
sealing gasket having a circumierential gasket body
which 1s located at least partly within the internal
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groove, and wherein the sealing gasket has a character-
1stic sealing capability to seal volume ratio, €2 for seals
in axis-symmetric 1nstallations which 1s defined by the

formula:
Pc DD
0 =— /=
S\ Vv
where:

V: volume of the seal

D,: Outside pipe diameter

c: Mean clearance between bell and spigot

P: fluid pressure

Su: Ultimate axial strength

wherein the sealing gasket has an average seal length and

an average seal height, and wherein the average seal
length to height ratio 1s no greater than 1.927.

6. The improved belled pipe end of claim 5, wherein the
sealing gasket has a sealing capacity 1n pounds per square
inch of at least 100 psi.

7. The improved belled pipe end of claim 5, wherein the
sealing gasket has a seal height which 1s greater than 4 mm
and less than 7 mm for gaskets having a diameter in the range
from 3 inches to 6 inches.

Cx ex x * x
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